ABBREVIATIONS. NHANES, National Health and Nutrition Examination Survey; CDC, Centers for Disease Control and Prevention; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children; PedNSS, Pediatric Nutrition Surveillance System. C hildhood obesity is an increasing problem in developed countries and an increasing public health concern. [1] [2] [3] [4] [5] Researchers have found an association between obesity in childhood and higher levels of blood pressure, 6 -8 diabetes, 9,10 respiratory disease, 11 adult obesity, 12 and orthopedic 13, 14 and psychosocial disorders. 15 Determining the factors that contribute to excess weight gain in children is of great interest, as is the question of whether the prevalence of obesity or overweight in children is increasing.
Among US children 6 to 11 years of age, Troiano et al 2 reported an ϳ7 percentage point increase from 1963 to 1991 in the prevalence of overweight, based on a body mass index (weight/height 2 ) above the 85th percentile, and a 5 percentage point increase in the prevalence based on a body mass index above the 95th percentile. Gortmaker et al 3 reported a 9.5 percentage point increase from 1963 to 1980 in the prevalence of obesity for children age 6 to 11 years of age based on triceps skinfold measurements above the 85th percentile and a 5.8 percentage point increase in the prevalence of obesity above the 95th percentile of the triceps skinfold measurements. This report 3 also noted that weight-for-height among children 6 and 7 years old increased during the same period. More recently, Ogden et al 16 reported a greater increase for girls (2.8 percentage points at 2 to 3 years and 5.0 at 4 to 5 years) than for boys (1 percentage point decrease at 2 to 3 years and only a 0.6 percentage point increase at 4 to 5 years, but no statistical significance in the change of prevalence both at 2 to 3 years and at 4 to 5 years of age) in the prevalence of overweight based on the 95th percentile of weight-for-height data from the National Health and Nutrition Examination Survey I (NHANES I, 1971 to 1974) to NHANES III (1988 .
In this study, we try to determine whether the prevalence of overweight in preschool children among the US low-income population has increased also and to extend our analyses to include infants and toddlers (0 to 23 months of age).
METHODS
Since 1973, the Centers for Disease Control and Prevention (CDC) has assisted states in monitoring key growth and hematologic indicators of nutritional status of low-income US children who participate in publicly funded health and nutrition programs such as the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC); Early Periodic Screening, Diagnosis and Treatment Program; and clinics funded through Maternal and Child Health Program block grants. 17, 18 Data for the majority of the infants and children monitored by the Pediatric Nutrition Surveillance System (PedNSS) come from clinic service records of WIC. The WIC program, which was initiated in 1972, is administered by the Food and Nutrition Service of the US Department of Agriculture. 19, 20 The PedNSS has expanded from five participating states in 1973 to 38 states, the District of Columbia, Puerto Rico, and 7
Indian Reservations in 1995. This surveillance system provides a rich source of data for studying the nutritional characteristics of low-income children on a state-by-state basis. 17, 18 In the PedNSS system, height or length is measured to the nearest 0.1 cm or 1/8 inch. According to the protocols, a measuring board is used to measure the child's recumbent length if the child is Ͻ24 months of age; otherwise, a standing height is measured for children Ͼ24 months. Weight was measured to the nearest 0.1 kg or 1 ⁄4 pound using a pediatric scale or other beam balance scale. 21, 22 All the records are entered onto a standardized paper form or onto an automated computer system in the clinics. Once the records are computerized at the state level, they are transferred to the CDC for inclusion in the PedNSS database.
To study the trend in prevalence of overweight from 1983 through 1995, we selected all children 0 to 59 months old from the 18 states a (plus the District of Columbia) who participated consistently in the PedNSS during this period. Among the 18 states and the District of Columbia, we checked the data quality by using the anthropometric data quality assurance indexes 22, 23 across states and years within each state to verify whether the data are comparable. Because a nearly constant variance in height-and weightbased z score distributions is indicative of data quality, 23 the SD units of weight-for-height z score were used to check the data quality across states and years. We found the that the SD units of the z score distribution were within the normal range (0.85 to 1.10) 23 and were stable. Also, we tracked the height-for-age z score across years for each state included in this analysis to examine whether an increasing bias of measuring children too short could affect the overall overweight trend. We found that there was no change in the mean height-for-age z score across years for all the states in the dataset. Furthermore, the records of the children with missing ages were automatically excluded before they were transferred to the PedNSS database. The percents of missing height/ length and weight were 1.5% and 1.1%, respectively. The percent of records with biologically implausible values of weight-forheight (z score below Ϫ4 or above ϩ5) 23 was 0.5%. To examine whether the criteria for enrollment in these publicly funded health and nutrition programs remained approximately the same from 1983 to 1995 in the selected 18 states and the District of Columbia, a survey was conducted in those states regarding any certification criterion or priority changes for overweight in the programs during the 13 years.
Because the PedNSS, which receives data from publicly funded health and nutrition programs, has multiple records on children per calendar year and a disproportionate number of first visit records for young infants, one record per child per visit year was randomly selected to avoid double counting of children who visit the program more than once in a calendar year. Repeat visits were identified using the unique WIC identification number, which is maintained for WIC administration. The final sample for this study was 15 029 147 preschooler clinic records.
To examine trends more generally for children Ͻ5 years old, we age-adjusted the prevalence estimates for each year, assuming a uniform age distribution. To do this, we weighted the data so that the prevalence of each single month of age was weighted equally. The results were also adjusted for race or ethnicity and for sex, assuming that the ethnic mix for all 13 years combined applies for each calendar year, and assuming that there should be 50% boys and 50% girls.
We examined trends by the urban/rural classification of the county in which the clinical measurements were taken using the Census Bureau definition of urban and rural. To examine how the CDC PedNSS low-income preschooler population differs from the US general population at the same ages, we compared the demographic and anthropometric characteristics of the PedNSS data with NHANES II and III data.
In recent years, several studies have shown that the current NCHS/CDC growth reference sections based on the Fels sample (Ͻ2 years of age) and the part based on the national representative NHANES I sample (Ն2 years of age) are not comparable. When the two curves are compared, there is a clear disjunction of heightfor-age and weight-for-height at 24 months of age. 24, 25 These disjunctions make it difficult to compare the growth status of children Ͻ2 years of age with that of children Ͼ2 years of age. Because of the disjunction, we also performed the trend analysis separately for these two age groups.
There is no generally accepted definition of obesity or overweight for children and adolescents. 26, 27 Various criteria for overweight and obesity have been used to estimate prevalence and trends among children and adolescents. 3, 28, 29 For this study, we used weight-for-height status above the 85th and 95th percentiles of the NCHS/CDC weight-for-height reference to estimate the prevalence of overweight or obesity in our study population. We calculated weight-for-height percentiles and z scores by using the NCHS/CDC age-and sex-specific growth reference. 30, 31 Any weight-for-height z scores below Ϫ4 or above ϩ5 were excluded, because these extreme values were most likely attributable to errors in measurement or data entry.
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RESULTS
From the survey among the states and district in this study, we confirmed that each of them maintained the same overweight certification criteria for preschoolers during the 13-year period, except for one state, which changed the criteria from Ն95th percentile to Ն90th percentile of weight-for-height after 1990. Exclusion of this state did not change our results. Among the preschoolers, there were no priority changes or restrictions for younger children (birth to 2 years), and only two states put the older children (age 3 to 4 years) on a waiting list or restricted program entry for a short time (1 to 3 months) in the early 1990s. However, the short time restriction did not affect the overall trend observed. The PedNSS data showed a higher proportion of young infants and more black and Hispanic children compared with NHANES II and III data (Table 1) . Also, the children in the PedNSS have a lower mean birth weight and a higher percentage of low birth weight, lower mean height-for-age, lower mean weight-for-age, and higher weight-for-height z scores compared with NHANES II and III data.
The PedNSS data also showed an increasing proportion of older children from 1983 to 1995, as well as an increased proportion of Hispanic children and urban children ( Table 1 ). The standardized adjustments in the prevalence of overweight we described in "Methods" account for these changes in demographic characteristics.
The prevalence of overweight for the children 0 to 59 months old in the period increased from 18.6% in 1983 to 21.6% in 1995, based on the weight-for-height 85th percentile cutoff point, representing an absolute increase of 3.0 percentage points and a relative increase of 16.1%. Based on the weight-for-height 95th percentile cutoff point, the prevalence increased from 8.5% in 1983 to 10.2% in 1995, representing an absolute increase of 1.7 percentage points and a relative increase of 20% ( Table 2 ). As shown in Fig 1, during the 13-year period, there was a consistent increase in the prevalence of overweight using both the 85th and 95th percentile cutoff points.
When we examine trends by single year of age, we see a similar trend in the prevalence of overweight from 1983 through 1995, with an increase observed for each year of age (Table 2) . However, the increase in the prevalence of overweight is greatest for 48-to 59-month-old children, in both absolute and relative terms. Figure 2 (A and B) shows the age-specific trends in the prevalence of overweight based on the 95th percentile cutoff point. The trend is similar at the 85th percentile cutoff point (results available on request).
When we compare the prevalence of overweight by sex, boys and girls show a parallel increase in the prevalence of overweight at both the 85th and 95th percentile cutoff points. Among children Ͼ24 months of age, there is an absolute increase of 2.9 percentage points for boys and 3.4 percentage points for girls using the 85th percentile. Using the 95th percentile, there is a 1.7 percentage point increase for boys and a 1.8-percentage point for girls (Table 3 ). The prevalence of overweight for girls is significantly higher than for boys (P Ͻ .05).
The non-Hispanic white, non-Hispanic black, and Hispanic subgroups all demonstrated an increasing trend in the prevalence of overweight from 1983 through 1995 (Fig 3 for the children Ͼ2 years of age using the 95th percentile). Among those children Ͻ2 years old, non-Hispanic whites had the largest absolute increase in prevalence of overweight. For children Ͼ2 years of age, non-Hispanic blacks had the largest absolute increase in prevalence of overweight, at both the 85th and the 95th percentile cutoff points ( Table 3 ). The prevalence of overweight for Hispanics is significantly higher than for nonHispanic blacks, and for non-Hispanic blacks is significantly higher than for non-Hispanic whites (P Ͻ .05).
When we compare the prevalence of overweight by clinic settings, both urban and rural clinics showed an increasing trend in the prevalence of overweight from 1983 to 1995 (Table 3) . Among children Ͼ24 months of age, there is an absolute increase of 3.3 percentage points for urban children and of 1.6 percentage points for rural children, using the 85th percentile. Using the 95th percentile, there is a 2.0 percentage point increase for urban and a 0.7 for rural (Table 3) . However, the increasing trend in rural is not consistent during the 13-year period; there is a downward trend between 1989 and 1991.
To decide whether the increase in the prevalence of overweight among US low-income preschool children was related to an increase in a subpopulation of children who were heavier or to a general shift of the entire weight distribution, we used the weight-forheight z score to compare the height-standardized weight distribution for the preschool children using records from 1983 and 1995. The 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles increase by 0.14, 0.15, 0.12, 0.07, 0.08, 0.08, 0.11 z score, respectively, from 1983 to 1995. Also, the weight-for-height distribution of the two periods had a similar variance and shape. Thus, the increase in the prevalence of overweight observed among US low-income preschool children reflects a general upward shift in the weight distribution over the 13-year period rather than simply an increase in the size of the upper tail.
DISCUSSION
We found that from 1983 through 1995, there was a consistent increase in the prevalence of overweight among low-income preschool children in the United States. The increase in the prevalence of overweight is the result of a general upward shift of the weightfor-height distribution in the population. This same trend has been documented in the US population in preschool children, 16 school children, 2,32 adolescents, 2, 32, 33 and adults. 32,34 -36 Our analysis has demonstrated that these trends are observed even before the age of 24 months. This evidence suggests that the entire population in the United States is getting heavier.
The increasing prevalence of overweight was also observed for each age, sex, and racial/ethnic group. These data suggest that underlying causes of the differences in overweight prevalence by gender, and between racial/ethnic groups observed among adults, 32, 34, 36 and between school children and adolescents 32, 33, 37 may also be observed in preschool children.
There is an increasing trend in the relative increases with age. Children 48 to 59 months of age have the highest relative increase in the prevalence of overweight compared with other age groups. This confirms the result from the NHANES study for preschoolers 16 that the prevalence of overweight increase with age.
The prevalence of overweight is higher for girls compared with boys. Also, we observed a parallel increase in the prevalence of overweight between boys and girls among the low-income preschoolers, whereas data from NHANES III 16 showed a greater increase for girls (2.8 percentage points at 2 to 3 years and 5.0 percentage points at 4 to 5 years) than for boys (1.0 percentage point decrease at 2 to 3 years and only a 0.6 percentage point increase at 4 to 5 years, but no statistical significance in the change of prevalence at both 2 to 3 years and 4 to 5 years of age). It is not clear whether this inconsistency reflects true difference in trends for the WIC population or results from methodologic differences. Additional research is needed to understand fully the difference in gender behaviors for different socioeconomic strata.
Hispanic children have a higher prevalence than other race or ethnic groups. The higher prevalence of overweight among Hispanic preschool children may be related partially to dietary, environmental, or genetic factors. The growth in height and weight of well-fed, healthy children at least Ͻ5 years old from different ethnic backgrounds and different continents is reasonably similar. 38 -40 On the other hand, Trowbridge et al 41 have suggested that high weightfor-height in Hispanics is associated with lower body fat.
We observed an increase in the prevalence of overweight among both urban and rural children, although trends were more marked and consistent in the urban areas. Additional research is needed to Age-specific prevalence of overweight (weight-for-height above 95th percentile) among US low-income children 0 to 23 months months of age (A) and 24 to 59 months of age (B), adjusted by race or ethnicity, sex ratio, and age in month; the CDC Pediatric Nutrition Surveillance, 1983 Surveillance, -1995 understand fully the difference in behaviors in different geographic settings for other socioeconomic strata.
Our study has potential limitations commonly found in surveillance systems that use routine clinical data. Because the data come from multiple clinics and the techniques of measurement are not tightly controlled, the quality of anthropometric measurements cannot be guaranteed. However, our checks on data quality for the states in this analysis showed reasonably good data quality. Also, because there is no change in the mean height-for-age z score across the 13-year period for all the states included in this analysis, it is unlikely that a bias in height measurement could affect the observed overweight trend.
Another potential limitation is that changes in program enrollment practice at the state level could have caused changes in the prevalence of overweight. However, our survey among the states showed no systematic changes in the certification criteria or priorities served by states for preschoolers during this period. This supports the conclusion that the overweight trends observed from the study reflects an actual increase in overweight.
The increasing trend in the prevalence of overweight suggests a general shift in behaviors of the population. The genetic component of obesity cannot account for the trends observed. Our analysis cannot delineate fully the reasons for this increase in overweight, because the PedNSS system does not currently collect data on health behavior, dietary intake, physical activity, or other potential contributing factors. Additional research needs to determine the underlying changes in the care of preschool children. For example, could changes in factors affecting birth weight have shifted the birth weight distribution toward higher weights without a proportionate increase in height? Have feeding patterns of young children changed toward fattier, higher calorie foods? Have activity levels of children decreased as TV watching rises?
Overall, this study shows a consistent increase over the past 13 years in the prevalence of overweight among preschool children from low-income families. This finding extends previous analyses to infants and toddlers from the NHANES III for preschoolers of mixed socioeconomic backgrounds. 16 However, our study differs from the NHANES III study 16 in that we observed a parallel increase in the prevalence of overweight for preschool girls and boys, whereas Ogden et al 16 observed an increase in Prevalence by race or ethnicity of overweight (weight-forheight above 95th percentile) among US low-income children 24 to 59 months of age, adjusted by sex ratio, and age in month; the CDC Pediatric Nutrition Surveillance, 1983 Surveillance, -1995 overweight only for preschool girls. Additional research is needed to explore the cause of the trend observed and to find effective strategies for overweight prevention beginning in the preschool years.
